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Introduction
Several of the Writ genes family are expressed and differentially regulated during breast development. The Wnt signal transduction pathway has been implicated in mammary tumorigenesis in different species as well as in human breast cancer cell lines. The various Wnt family members can exert differential effects on the growth and morphogenesis of mammary epithelial cells, while some Wnts are strongly transforming factors, others show weak or directly no transforming effect at all. Wnts are known to activate several different signaling pathways through the same receptor and thereby elicit unique cellular responses. These pathways include the activation of 03-catenin/Tcf/Lef axis (canonical or classical Wnt signaling) and the noncanonical Wnt pathways which signal independently of P-catenin. Although a large amount of evidence links noncanonical Wnts with development of various forms of cancer, including breast cancer, its function and regulation is yet mostly unexplored territory. In consequence, new findings in this area can be a contribution of great interest to cancer research. Important Note -Change in the SOW: In the last two years, new and exciting data has pointed the importance of Wnt signaling in angiogenesis. This includes the discovery of a new non-Wnt ligand of Frizzled receptors (Norrin, the protein product found mutated in Norrie Disease (ND) patients) and the finding that mutations in Wnt receptor Frizzled-4 or coreceptor LRP-5 are underlying molecular defects directly linked to Familial Exudative Vitreoretinopathy (FEVR) (Xu et al, 2004; Toomes et al, 2004) . Both ND and FEVR are disorders with disfunctional vasculature as a main characteristic. Here I report that noncanonical/alternative Wnt signaling plays a significant functional role in human vascular biology. In addition to this, results using breast cancer cells in culture were not as initially expected (no significant changes in JNK or Rho-GTPases activity were detected after overexpression of Wnt-5a in the breast cancer cell lines tested). In consequence, a new Statement of Work was submitted to the DOD with the approval of the project's Mentor and the Office of Grants and Contracts at Columbia University, although the original project title was left unchanged as instructed. Basically, the new Statement of Work is still entirely focused on alternative Wnt signaling but, for the reasons listed above, work was changed for research on human primary endothelial cells. We believe this new area has strong relevance for research in angiogenesis and, in consequence, in breast cancer. Thus, the proposed focus for the project would explore the importance of alternative Wnt signaling in angiogenesis using human primary endothelial cells. A copy of the modified Statement of Work was included in this report in Appendix 1.
Report Body
A series of in vitro functional assays to evaluate in vitro angiogenesis were developed. These assays employ the adenoviruses and constructs previously developed during year 1 of this fellowship. As primary endothelial cells can only be poorly transfected with plasmids and commercially available transfection reagents, the use of retroviral lines or adenovirus infections to overexpress proteins is crucial. As suggested by reviewers of the first annual report for this project, a description of the materials and methods used was added as Appendix 2.
Wnt-5a is endogenousely expressed in human endothelial cells and is a noncanonical Wnt
As evaluated by RT-PCR, expression of either Wnt-5a or closely related Wnt-5b was detected in primary endothelial cells from both a large vessel (HUVEC) and microvasculature (HMVEC) ( Figure 1A) . Infection of HUVEC with adenovirus encoding to overexpress Wnt-1 (a known canonical Wnt), Wnt-5a or control LacZ gene confirmed that Wnt-5a is unable to estabilize cytosolic f3-catenin in human primary endothelial cells by Western blot ( Figure 1B ). In accordance with this, a transfection of a reporter construct (TopFlash-luciferase) that respond to canonical Wnt signaling activation or control FopFlash-luciferase (with mutated Tcf/Lef binding sites) both showed no response to Wnt-5a or control LacZ adenovirus, while it showed the expected response to either Wnt-1 or a mutant f3-catenin with a longer half life in cytosols (03-cateninS37A).
Wnt-5a can induce endothelial cell proliferation
To analyze the biological effects of Wnt-5a overexpression in human endothelial cells, adenoviral infected HUVEC were assayed for proliferation. Adenoviral infected HUVEC overexpressing Wnt-5a were incubated for 48 to 72 hours in presence of serum-free endothelial medium added with bFGF showed increased proliferation when compared to LacZ control cells (Figure 2A ). The response was dose-dependent up to 20 MOI. This response correlates well with what was observed when HUVEC were incubated under the same conditions without any infection but in presence of purified Wnt-5a protein in a dose-dependent manner up to 100 ng/mL ( Figure 2B ). In a parallel experiment, a portion of Fzd-4 extracellular domain (Fzd-4-CRD) was used as a competitive inhibitor of Wnt-5a in proliferation assays with adenoviral infected HUVEC to overexpress Wnt-5a or control gene LacZ ( Figure 2C ), a condition that blocked Wnt-5a-induced proliferation. 
Wnt-5a shows ability to enhance HUVEC survival and network formation
Effects on endothelial cell survival were analyzed using adenoviral infected HUVEC and enhanced survival was observed in infected cells overexpressing Wnt-5a as compared to control (LacZ) but less than cells cultured in presence of control cells incubated with VEGF ( Figure 3A) .
The ability of endothelial cells to form a network of capillaries after they migrate from a pre-existing blood vessel is a crucial property in both normal and tumor angiogenesis. We further analyzed the ability of HUVEC cultured on top of extracellular matix components to form a network-like structure when they were either overexpressing Wnt-5a or their endogenous expression of this gene was decreased. After 18-19 hours of incubation, cells showed a better network when they were overexpressing Wnt-5a-HA by retroviral infection and selection as compared to control (HA) ( Figure 3B ). ................... ............................................................ ........................ . 
Alternative Wnt signaling can induce MMP-1 expression in endothelial cells in vitro
To better understand the potential mechanisms by which Wnt-5a signaling would promote endothelial cell proliferation, survival and improved network formation on top of extracellular matrix gels, a screening of genes differentially regulated by Wnt-5a versus control LacZ gene was performed in endothelial cells after adenoviral infection. The ectopic expression of Wnt-5a was confirmed by Western blot (not shown) and results were compared using a value of p < 0.05 to select genes of interest. Data from this DNA array analysis is still under analysis, and validation of target genes important in angiogenesis is currently being done. So far, matrix metalloproteinase-1 (MMP-1) is one of the genes that was selected to validate whether it can be regulated by noncanonical Wat signaling in human primary endothelial cells. MMP-1 is an intersticial collagenase shown to be overexpressed in many tumors. I have found that MMP-1 expression was upregulated by Wnt-5a in endothelial cells by RT-PCR analysis, Western blot and an ELISA-based activity assay ( Figures 4A, B and Key research accomplishments/Reportable outcomes During this period, significant findings were achieved in showing that alternative Wnt signaling does play a role in angiogenesis. After the confirmation that Wnt-5a is a noncanonical/alternative Writ in human primary endothelial cells, previously unknown biological and gene regulatory effects were found when this Wnt is overexpressed. The fact that Frizzled-4 showed evidence that is a receptor for Wnt-5a in human primary endothelial cells adquires special importance as this Frizzled has become directly involved in angiogenesis in at least two known human syndromes (FEVR and Norrie Disease). Our finding that Frizzled-4 extracellular domain can block Wnt-5a-induced proliferation of endothelial cells in vitro is consistent with experimental evidence showing that Frizzled-4 and Wnt-5a can specifically interact. In 293 cells, Frizzled-4 endocytosis depends on added Wnt-5a protein, a process also involving phosphorylated Dishevelled-2, a well-known downstream mediator of Wnt signaling (Chen et al, 2003) . Phosphorylation of Dishevelled-2 and -3 after Wnt-5a stimulation is currently being investigated.
MMP-1, an interstitial collagenase, might play an important role in the biology of certain tumors, as immunocytochemical expression of MMP-1 was found to be the strongest of all MMPs in tumors including soft tissue neoplasms, fibromatoses and sarcomas of diverse grade (Roebuck et al, 2005) . Endogenous expression at various levels of endogenous expression of MMP-1 can be detected in primary microvascular endothelial cells from humans (Plaisier et al, 2004) . Wnt-5a has already been linked to regulation of a matrix metalloproteinase, as overexpression of Wnt-5a and rat Frizzled-2 in C57mg mammary epithelial cells is able to upregulate expression of stromelysin-1 (MMP-3) (Prieve et al, 2003) .
The finding that overexpression of Wnt-5a can upregulate MMP-1 in vitro is a first evidence of the role of endogenous Wnt-5a in human endothelial cells and might be important in the understanding of the role of noncanonical Wnt signaling in tumor angiogenesis. Current work is being performed to validate other target genes and to successfully silence the Wnt-5a gene using shRNA (short hairpin RNA) in order to confirm biological findings.
A research article was submitted to Angiogenesis and, after being reviewed favorably, is currently in press (see Abstract in Appendix 3). Also, a poster was presented at the Era of Hope Meeting (Philadelphia, PA, June [8] [9] [10] [11] 2005 ) (see Appendix 4). Currently, two more publications also with the PI as a first author are under preparation for submission to scientific journals, as well as a communication for a Wnt Signaling meeting in September. All these publications and presentations acknowledge the DOD and the present award.
Conclusions
-Wnt-5a is a non canonical Wnt in human primary endothelial cells, which endogenously express Wnt members 5a and 5b at different levels in microvascular or venous endothelial cells.
-Alternative Wnt signaling can induce proliferation, cell survival and network formation in human primary endothelial cells.
-Experimental evidence strongly supports the idea that Frizzled-4 is a receptor for Wnt-5a and plays a role in the induction of proliferation in human endothelial cells.
-Alternative Wnt signaling can upregulate expression of MMP-1 at the gene message and protein level. 
